Diets high in polyunsaturated fatty acids may protect against duodenal ulcer, possibly through inhibiting the growth of Helicobacter pyloni. This hypothesis was tested in vitro by incubating H pyloni microaerophilically with a range of polyunsaturated fatty acids. w-3 Linolenic acid significantly, but reversibly, inhibited growth at 1-8, 2 5, and 5X o-4 M (p<001), while concentrations of 10-3 M killed virtually all organisms, with cell lysis observed by electron microscopy. Similar inhibitory effects were seen with other polyunsaturated fatty acids, at concentrations of 25X10 l-4 M the relative inhibitory potencies were oleic (C18:1) <linoleic (C18:2) <arachidonic (C20:4)<w-3 linolenic (C18:3)=w-6 linolenic (C18:3)=eicosapentanoic (C20:5) acid. Cell fractionation studies with 14C labelled linolenic acid showed that the linolenic acid was associated with the membrane fraction. Commonly ingested dietary polyunsaturated fatty acids inhibit the growth of H pyloni in vitro, an effect which deserves further in vivo study. (Gut 1994; 35: 1557-1561 The scientific revolution which has accompanied the recognition of the importance of Helicobacter pylori, has left in the shadows a body of information relating to possible dietary influences on the incidence of peptic ulceration. Other mechanisms are possible, however, and we were interested in the possibility, long recognised by veterinarians, that long chain fatty acids inhibit gastric bacterial metabolism.8-11 We have confirmed these effects in human colonic bacteria, showing that increasing unsaturation in the C 18 series leads to increasing antibacterial potency.12 These effects, unlike other reports,13 do not depend on lipid peroxidation as they are observed in an anaerobic environment.
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The scientific revolution which has accompanied the recognition of the importance of Helicobacter pylori, has left in the shadows a body of information relating to possible dietary influences on the incidence of peptic ulceration.1-4 Wide variations in the incidence of peptic ulcer in different African populations can be related to the apparent protective effect of high intakes of fresh fruit and vegetables, while diets high in refined starch seemed detrimental. 4 Interest in the role of polyunsaturated fatty acids was stimulated considerably by Hollander and Tarnawski,5 who linked the decline in duodenal ulcer to the rise in dietary consumption of polyunsaturated fatty acids. The subsequent finding that ulcer patients had a lower intake of linoleic acid further supported the idea.6 These authors have linked the protective effect of polyunsaturated fatty acids to the synthesis of mucosal prostaglandins which may indeed be important in some of the experimental models of ulceration.7
Other mechanisms are possible, however, and we were interested in the possibility, long recognised by veterinarians, that long chain fatty acids inhibit gastric bacterial metabolism. [8] [9] [10] [11] We have confirmed these effects in human colonic bacteria, showing that increasing unsaturation in the C 18 series leads to increasing antibacterial potency.12 These effects, unlike other reports,13 do not depend on lipid peroxidation as they are observed in an anaerobic environment.
The evident importance of H pylori infection in human peptic ulcer together with the above mentioned antibacterial effects of fatty acids, caused us to explore the hypothesis that dietary polyunsaturated fatty acids directly inhibit the intragastric growth of H pylori. We therefore performed a detailed, in vitro, dose-response study of inhibition of the growth of H pylori by two of the commonest dietary polyunsaturated fatty acids -w-3 linolenic acid (C 18:3) and linoleic acid (C 18:2) -at a range of concentrations likely to be found postprandially in the human stomach. We also examined reversibility of the effect and looked at the intracellular distribution of 14C labelled linolenic acid. Finally, we investigated the potency of a wider range of polyunsaturated fatty acids and showed that this inhibitory effect is a general property of these substances. Preliminary screening studies were performed using flood plates of confluent growth on which were laid 8 mm discs of filter paper soaked with 10 pAl of 0, 0 1, 1, and 10% mg/ml long chain fatty acids dissolved in ethanol. While w-3 linoleic acid showed a ring of inhibition, even at a concentration of 0-1% mg/ml, none of the saturated fatty acids tested (palmitic (C 16:0), stearic (C 18:0) or arachidic (C20:0)) showed any inhibitory zone. We therefore proceeded to examine only the unsaturated fatty acids in subsequent studies.
Methods
Growth of H pylori was assessed from the change in the optical density (OD) measured at 540 nm using a Shimadzu UV-1 60A spectrophotometer (V A Howe & Co Ltd, Oxon, England). 
Motility assessment
The effect of the various fatty acid concentrations on bacterial motility was determined using phase contrast microscopy (X400). Motility was assessed using a semiquantitative scoring system as follows: 0=no motile rods seen; 1= 1-5 motile rods visible per high power field (HPF); 2=>20 rods per HPF<50% rods motile; 3= >20 rods per HPF, >50% rods motile.
Recovery from inhibition The ability of the organism to recover after exposure to w-3 linolenic acid was studied by inoculating 0-9 ml fresh ISB with 0-1 ml of fatty acid-exposed cells. Once again each experiment comprised different concentrations of fatty acid-exposed cells, which were tested in groups of six. These were compared with six control wells where the inoculum had not been exposed to w-3 linolenic acid. Broths were incubated for 24 hours as previously described and the ability to recover was assessed by measuring the OD (540 nm) at time 0 and at time +24 hours.
The effect of linoleic acid (C 18:2) on bacterial growth, over the same concentration range, was also studied, as was the ability of the organisms to recover after exposure to C18:2.
STUDY 2
Incorporation of 14C+w-3 linolenic acid into H pylori A large amount of organism was prepared by inoculating 12X7-5 ml ISB with 200 iil of a broth culture containing >50% motile rods. After incubation for 48 hours, the culture was pelleted by centrifugation at 4000 g for 10 minutes. The pellet was resuspended in 22 ml of ISB and then split into 2X 11 ml samples with an initial OD (540 nm) of 1-687 and a viable count of 7 X 108 cfu/ml. Some 12-5 ,ul (1-25 ,uCi) 14C-linolenic acid (Amersham International plc, Little Chalfont, Bucks) were added to one of the samples. Both suspensions were then incubated in air at 370C with shaking (150 rpm) for one hour. Suspensions were centrifuged at 4000 g for 10 minutes, and the resulting pellets were washed twice with 5 ml phosphate buffered saline (PBS). Pellets were resuspended in 5 ml fresh PBS, cooled, and sonicated until the cells had lysed. This was checked by examining the solutions under phase contrast (X400). Membranes were pelleted by centrifugation at 100 000 g for one hour. Supernatants were retained for scintillation counting. Pellets were washed with 10 ml PBS at 100 000 g for 30 minutes and resuspended, with gentle sonication, in 3 ml sterile distilled water. Radioactivity was measured by adding a 250 [lI aliquot of either the control supernatant or pellet suspension, or the radiolabelled supernatant or pellet suspension to 3 ml 14C scintillant (3 g PPO (2,5 diphenyloxazole) and 0-1 g POPOP (1,4-di{2,5 diphenyloxazoyl}) both supplied by Koch-light Ltd, Hatfield, Herts, in 1 1 low sulphur grade toluene. Duplicate samples were counted for 10 minutes (error= 1%) using a Kontron Intertechnique SL 3000 scintillation counter (Kontron, St Albans, Hertfordshire). STUDY 3 Effect of a range of long chain fatty acids (LCFAs) on bacterial growth H pylori was grown as described above but this time the effect of a range of LCFAs on bacterial growth was studied. The LCFAs investigated, at a concentration of 0-25 mM, were oleic acid (C18:1), linoleic acid (C18:2), linolenic acid (C 18:3), both w-3 and w-6 isomers, arachidonic acid (C20:4), and eicosapentaenoic acid (EPA) (C20:5). Growth was assessed from the mean (SEM) change in OD (540 nm) during the 24 hours' incubation period (n= 6). Additional experiments were performed with thymol-free catalase (Sigma Chemical Co Ltd), Poole, Dorset) added to the culture at a concentration of 10 
CALCULATIONS AND STATISTICS
Results are expressed in the test as the mean (SEM). Statistical significance was determined using the Mann-Whitney U test.
Results

STUDY 1
Effect of w-3 linolenic acid on growth of H pylori Under the control experimental conditions, H pylori grew steadily reaching a maximum viable count at about 18-24 hours of approximately 2X 108 organisms per ml. Both w-3 linolenic acid (C18:3) and linoleic acid (C18:2) significantly inhibited the growth of Hpylori at concentrations above 0 1 mM, with effectively no growth above 0d18 mM, p<0 01 (Fig 1) . The concentration required to inhibit growth by 50%, the inhibitory dose 50 (ID50) was 0-2 mM for both fatty acids. Motility Effect of o.-3 linolenic acid on appearance and motility ofHelicobacter pylori Effect of a range of LCFAs on bacterial growth Using a concentration (0.25 mM) near to the ID50 of both linoleic and w-3 linolenic acid, clear inhibition of growth was shown for all polyunsaturated fatty acids studied (Fig 3) . The higher degree of unsaturation gave slightly greater inhibition but even oleic acid still had a highly significant effect. Addition of catalase alone to the control broths did not significantly alter growth, which was 88-2 (2-2)% of control; nor did it alter the effect of 0-25 mM w-3 linolenic acid -growth was 3 0 (0-8)%, which was not Polyunsaturated fatty acids =96 membrane. 14 Our electron micrographs confirm that at high concentrations polyunsaturated fatty acids disrupt the cell membrane leading to cell lysis. We also found that at lower concentrations, before irreversible cell damage has occurred, motility is significantly inhibited after 24 hour incubations. Polyunsaturated fatty acids increase membrane fluidity, and hence permeability to small molecules such as water,'5 chloride,'6 and drugs. ' cell is increased while oxygen consumption is stimulated, a combination which has been sugof H pylori.
gested to reflect increased permeability of ty acids tested. Others have suggested that when organisms are incubated aerobically with arachidonic acid, they are killed by toxic lipid peroxides'3 and that this can be inhibited by catalase. We control value of have described similar antibacterial effects to those described above in an anaerobic environmentl2 and believe that under these conditions other mechanisms must be invoked. Polyunsaturated fatty acids are readily incorporated into the outer cell membranes of nic acid and Gram negative organisms, where they significantly increase membrane fluidity. It is lenin, exerted a possible that by opening up permeability compared with channels the concentration gradients necessary ras significantly between the organism and its environment, )ns of 1 mM such as those for hydrogen ions, may be was inhibitory dissipated, with fatal results. The lack of effect )5 mM (Fig 4) . of saturated fats may be due to their reduced solubility and fluidity which makes it less likely that they will readily be incorporated into bacterial membranes. bitory effect in
The concentrations of polyunsaturated fatty r acids on the acids we have studied would frequently be ies in anaerobic obtained in the human stomach, in which the similar inhibi-daily intake of 1-20 g/day'9 is diluted in 2-4 t to be due to supplementation on Hpylori infection, a study which we are currently undertaking.
Much interest was generated by Hollander and Tarnawski when they suggested that the decline in duodenal ulcer incidence from 1940 onwards was related to appreciable increases in the dietary intake of polyunsaturated fatty acids.5 At that time emphasis was on the possible influence on prostaglandin metabolism, which subsequent studies supported, showing that linoleic acid emulsion increased, at least temporarily, the gastric secretion of prostaglandin E.22 Epidemiological studies in both Edinburgh6 and Dublin23 have shown that patients with duodenal ulcers have reduced adipose tissue linoleate levels, a measure which has been shown to correlate well with overall dietary intake.24 These associations are difficult to interpret, however, since dietary intake increases with increasing socioeconomic status23 and declines with smoking.6 19 25 26 Smoking seems to inhibit both polyunsaturated fatty acid and fibre intake, and its effect is much stronger than social class. '9 The relationship between linoleic acid intake and ulcers seems to depend heavily on the effect of smoking, since if one excludes heavy smokers, the difference between ulcer patients and controls becomes insignificant.27 Smokers 
